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®) ELECTRIC POWER CONTROLLER.

@ An electric power controller controls a power-source
voltage (Ein) with a thyristor (18), supplies the power to a
plurality of devices (14), (16), and is equipped with means
(28) which detects predetermined operation of a predeter-
mined device (14) such as an induction motor at the time of
starting. When the predetermined device (14) is in predeter-
mined operation, the supply voltage (Eout) is boosted by the
detected output. During the periods in which the device is
not in predetermined operation, the supply voltage (Eout) is
returned to the initially controlled value, making it possible
to control electric power without adversely affecting the Ein
predetermined device (14) at the time of starting.
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SPECIFICATION
POWER CONTROLLER - -
TECHNICAL FIELD

This invention relates to a power controller and,
more particularly to a power controller for dropping a
power source voltage by a thyristor provided between a
power source and a load side eléctric device to supply

5 the voltage to the électric device, thereby performing
power-saving, dimming or fotating control.
BACKGROUND ART

There have been heretofore a rotation control or

ON/OFF control for & motor and a dimming for a lighting
10 implement as a power control using a thyristor or a
power transistor such as an SCR, a triac and a GTO.

Recently, a power-saving has been tried in a
lighting implement by a thyristor to achieve the
effective utilization of energy resources and the saving

15 of power expenses.

When a voltage dropped'by a thyristor from a power
source voltage is applied to a fluorescent lamp
implement to save the power or to dim the lamp, there
arises a drawback that the filament of an ordinary glow

20 type fluorescent lamp is not, for example,vsufficiently
heated at initial lighting time so that its kick voltage

becomes insufficient, resulting in a difficulty in
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lighting the lamp.

There also arises an inconvenience that a flicker
phenomenon feasibly occurs when the applied voltage is
low due to the ageing consumption of a fluorescent tube
during the lighting of the fluorescent lamp or a similar
flicker phenomenon takes place due to the decrease in a
péwer source voltage (a line voltage) itself of input
side owing to certain circumferences.

A system for saving pbwer by applying a thyristor
to a motor and supplying the voltage dropped from a
power source voltage to the motor to save the power is
not almost known heretofore, but the inventor has
discovered a system having a motor of the type capable
of saving power.

However, when intended to save the power of the
motor, such as, for example when an induction motor with
a mechanical load having a heavy starting load torque is
operated, if a voltage dropped from a power source
voltage is applied to the motor, the motor does not
smoothly start due to insufficient effective power at
the starting time, a rotary locking phenomenon occurs
due to the unbalance between a rotary torque and a load
torque, and a drawback of causing the motor to occur,
thereby resulting‘in a difficulty in the starting of the

motor.
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Other electric device not to be power-saved is
provided in parallel at the load side of a thyristor
exdept a fluorescent lamp, and when the other electric
device is operated or performs a;special operation, the
other de;ice might be improperly operated by the voltage
dropped from the power source voltage.

An'object of this invention is to provide a power
controller which can eliminate the drawbacks of the
conventional device and smoothly start or normally
operate an electric device connected to the load side of
the power controller such as a thyristor or a power
transistor to achieve power-saving, dimming or rotation
control. .

Another object of the invention is to provide a
system for saving the power for a motor.

DISCLOSURE OF THE INVENTION

The above objects are performed by a power
controller according to this invention described below.
More particularly, the power controller comprising:

power control means provided between a power source
and a plurality of load side electric devices provided
in parallel for controlling the powef by a predetermined
fixed or variable set value by dropping the power source
voltage and supplying the dropped voltage to a load

side,
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operation detecting means for detecting the
presence or absence of one or more typés of operations
of différent types of one or more electric devices of
the plurality of electric devices, and
power control regulating means for stopping the
predetermined power control operation by the
predetermined set value by the power control means to
raise the supplied voltage by the output of the
operation detecting means during the predetermined
operation of any of the predetermined one or more
electric devices and releasing the stop of the
predetermined power control by the predetermined set
value of the power control means when any of the
predetermined one or more electric devices is not
operated.
BRIEF DESCRIPTION OF THE DRAWINGS
These and other features and the other objects of
this invention will become fully apparent by the
following description when read in conjunction with the
best mode for practicing this invention shown in the
accompanying drawings, In the drawings}
Fig. 1 is a schematic circuit diagram of a power
controller for achieving a rotation control or a power
saving control of an -induction motor according to a

first embodiment of this invention;
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Fig. 2 is a bioék diagram of an example of a start
initiation detector in Fig, 1; .

Fig. 3 is a block diagram of another example of the
start initiation detector in Fig. 1;

Fig. 4 is a block diagram showing another concrete
example in Fig. 2;

Figﬂ 5 is a block diagram showing still another
concrete example in Fig. 2;

Fig. 6 is a block diagram showing yet another
concrete example in Fig. 2;

Fig. 7 is a schematic circuit diagram of a power
controller for achieving a rotation control or a power
saving control of an induction motor according to a
second embodiment of this invention;

Fig. 8 is a block diagram showing an example of a
start finish detectof in Fig. 7; |

Fig. 9 is a block diagram showing another example
of the start finish detecto; in Fig. 7; )

Fig. 10 is a schematic circuit diagram of a power
controller for achieving a rotation control or a
power-saving control of an induction motor according to
a third embodiment of this invention;

Fig. 11 is a load side circuit diagram of the case
that a discharge lamp illuminator is dimmed or

power-save controlled as designated in the first to

-
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Fig. 12 is a detailed circuit diagiam of a power
controller with an entire vending machine as a
power-saving object according to a fourth embodiment of
this invention;

Fig. 13 is a graphical diagram for describing the
operation of a bypass circuit of Fig. 12;

Fig. 14 is a circuit diagram showing a modified
example of a power source voltage detector in Fig. 12;

‘Fig. 15 is a circuit diagram showing a modified
example of 2 gate control circuit in Fig. 12;

Fig., 16 is a graphical diagram for comparing the
circuit operation of Fig. 15 with the case of Fig. 12;

Fig. 17 is a circuit diagram showing an example of
the case that a power controller is constructed by
omitting a timer in Fig. 12;

Fig. 18 is a circuit diagram showing a power
controller for controlling power-saving with a -
compressor according to a éifth embodiment of this
invention;

Fig. 19 is a circuit diegram skowing a power
controller for achieving dimming or power-saving control
with a fluorescent lamp implement according to sixth
embodiment of this invention;

Fig. 20 is a circuit diagram showing a powexr
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controller for achieving power-saving for a refrigerator
according to a seventh embodiment of this invention;

Fig, 21 is a circuit diagram showing a power
controller for power-saving of the case that a
compressor motor and‘; fluorescent lamp implement are
coﬁnected in parallel with a load side according to an
eighth embodiment of this invention;

Fig. 22 is a circuit diagram showing a modified
embodiment of the eighth embodiment in Fig. 21 according
to ninth embodiment of this invention;

Fig. 23 is a circuit diagram showing a power
controller for power-saving a vending machine according
to tenth embodiment of this invention;

Fig. 24 is a circuit diagram showing a modified
embodiment of a power controller shown in Fig. 23;

Fig. 25 is a load side circuit diagram including an
induction motor with a blower; and

Fig. 26 is a load side circuit diagram including an
induction motor with a pumpi

BEST MODE FOR CARRYING OUT THE INVENTION

Fig. 1 shows an embodiment of a power controller
applied to a rotation control or power-saving control.of
an induction motor having a mechanical load according to
this invention, but it will be apparent that this

invention is not limited to the embodiment. 1In Fig. 1,
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an AC power source Ein such as a single-phase or 3-phase
commercial power source or non-utility generator power
source is supplied to a power controller 10, and a

voltage E controlled by the power controller 10 is

out
supplied to an induction motor 14‘side_with a mechanical
load 12 which has a switch SW1 for energizing a powef
source. Other electric device 16 is connected in
parallel with the induction motor 14 to the output side
of the pdwer controller 10. The electric device 16 may
be an induction motor which is subjected to a fotation
control or a power-saving control similarly to the
induction motor 14 or an electric device to be or not to
be power-controlled of the other type.

The power controller 10 has a voltage elevator 22
which has a phase control circuit including a thyristor
18 for dropping the power source voltage Ein and
outputting it, and a gate control circuit 20 for
controlling the gate of the thyristor 18, and a start
detector 28 including a start initiation detector 24
for detecting the start initiation of the induction
motor 14 and a timer 26 to detect presence or absence of
the start.

The start initiation detector 24 detects the start

initiation of the induction motor 14 by closing the

switch SW1l, and outputs a detection signal to the timer
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26. The start initiation detector 24 may employ, as
shown in Fig. 2, an electric variation détector 30 for ~
detecting an electric variation occurred in the circuit
at the starting time, or,.as shown in Fig. 3, a switch

ON operation detector 32 for detecting the ON operation

.0f the switch SW1l, for example, by a mechanically

interlocking switch. Further, the electric variation
detector 30 may employ, as shown in Fig. 4, a starting

current detector 34 inserted in series in the circuit

. for detecting the rise of the large starting current

flowed when the induction motor 14 is started, as shown
in Fig. 5, a noise component detector 36 for detecting a
noise .component generated upon starting such as an
extremely large rush current generated when the
induction motor 14 has a capacitive component or a surge
voltage generated due to a chattering when the switch
SW1 is closed by electrostatically, electromagnetically
or resistively coupling the noise component with the
circuit, or, as shown in Fig. 6, a dip detector 38 for
detecting the dip of the power source voltage Ein
generated at the power source side by the large starting
current by inputting the voltage Ein'

The timer 26 may be, for example, formed of an IC
timer, and a timer time T is set in advance by a CR time

constant circuit in the timer 26. When the timer 26
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inputs a detection signal from the start initiation

detcctor 24, tho timor 26 ctarto, and c:imultanooucly
outputs a control signal as a voltage rise command
(stért compensation command). The voltage rise command
output is .continued until the time T is elapsed to a

timeup after the timer 26 starts. The time T is set to

a sufficient time (e.g., approx. several seconds) to

finish the start of the induction motor 14 from when the
switch SW1 is closed. The operating period of the

timer éGAapproximates the starting period of the:
induétion motor 14.

The output of the timer 26 is applied to the gate
control circuit 20. The gate control circuit 20 enables
a rotation control or a power saving control for the
induction motor 14, and varies the application of a
trigger to the thyristor 18 to compensate the start to
vary the output voltage of the thyristor—18. 1In other

words, the gate control circuit 20 has a phase control

«

circuit that a control value for achieving a rotation

control or a power-saving control is fixed or variable,
and has a switching function for switching a conducting
angle to a preset 100% or the vicinity of 100% while
receiving a voltage rise command. The gate control
circuit 20 controls the thyristor 18 at a relatively

small conducting angle to achieve a rotation control or a
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power-saving control when receiving no voltage rise

command, outputs the E (small) normaily smaller than.

out

the Ein' controls the thyristor 18 at a relatively large

conducting angle while receiving the voltage rise
command (referred to as "a power control regulation"),

and outputs the E (large) normally larger than the

out
E (small). E___ (small) = E, might be obtained by

out out * Tin
the control value even while achieving the roﬁation
control or the power-saving control.

The gate control circuit 20 can utilize various
known circuits, and may employ a phase control circuit
for achieving a rotation or power-saving control for
regulating the power control, or provides a switch
control trigger circuit of the thyristor 18 in adaition
to tho phaco control oircuit for achieving the rotation
control or the power-saving control, turns ON the switch
control trigger circuit while receiving the voltage rise
command to obtain a large conducting angle (however,

100% conducting angle). In the former case, Eout

(large) S E, may be obtained. 1In the latter case, E

in out

(large) = E, may be obtained.
The thyristor 18 may employ a thyristor SCR, a
triac or a GTO.

The timer 28 may utilize an analog timer, a digital

timer, a dash-pot or a delay circuit.
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The mechanical load 12 coupled with the induction
motor 14 may include, for example, a blbwer, a pump or
a compressor (such as an air compressor or a
refrigerator compressor). The rotation control or the
power-saving control can be performed By varying the
voltage supplied to the induction motor 14.

E,, represent various power source voltages such as
lOOY, 120V or 220V,

Then, the operation of the power controller shown
in Fig. 1 will now be described. A small conducting
angle is set in advance in the gate control circuit 20
to achieve a rotation control or a power-saving control,
and it is assumed that the induction motor 14 causes the

start to fail with the value of the Eo (small) at this

ut
time (e.g., 3/4Ein). The switch SW1 is opened,'and
other switch for energizing the power source of the
other electric device 16 is closed to energize it.

Since a current is flowed to the-power controller
10 due to the energization.of the other electric de&ice
16, the thyristor 18 performs a phase control.
Therefore, a predetermined power source voltage Ein is
dropped by the power controller 10, for example, to 3/4,

and supplied to the load side as E (small).

out
When the SW1 is closed to start the induction motor

14 in this state, the start initiation detector 24 of

0217954
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the start detector 28 of one example of operation
detecting means detects the occurrence.of the start of
the induction motor 14, and outputs a start initiation
detection signal to the timer 26. The timer 26 is
energized by the detection signal to, for example, apply
a voltage rise command for phase~controlling at
substantially 100% conducting angle during the time T to
the gate control circuit 20, stops a predetermined power
control such as a rotafion control, and returns the

supplied voltage to the load from Eo (small)=3/4Ein to

ut
Eout (large)=Ein during the corresponding time T. Thus,
the predetermined voltage sufficient for the smooth
starting operation of the magnitude Ein is applied to
the induction motor 14 during the starting operation to
smoothly start the induction motor 14.

When several second T set in advance by the timer
26 is elapsed, the power controller 10 releases the stop
of the rotation control or power-saving control,
returns to the control state, applies the voltage Eout
(small) to the induction motor 14 to achieve the
rotation control or the power-saving control.

The voltage returned from EO {small) to Eo

ut
(large) may not always be the same as Ein if the

ut

induction motor 14 is smoothly started, such as,'for

example, 9/10Ein. E ut {small) is not limited to
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3/4Ein’ but may be, of course, larger or smaller than
3/4Rin'

In case that the other electric device 16 is an
induction motor which is subjected to the rotation
control or the power-saving control, the induction motor
may be compensated for the start similarly to the
induction motor 14. 1In this case, if the electric
variation occurrence detector 30 in Fig, 2 is employed,
it can be used commonly“to the start initiation detector
24 of a plurality of induction motors, and when switch
ON.detectors 32 are individually provided, the timer 26
may be commonly used.

Even when the other electric device 16 is provided
at the output side of the power controller 10 and the
induction motor 14 is solely connected or other electric
device 16 which is operated simultaneously with the
~induction motor 14 is provided, the abovementioned start
compensation can be performed by the power controller 10
shown in Fig. 1. 1In this c;se, as designated by a
second embodiment in Fig. 7, an ordinary operation
detector 40 is provided instead of the start detector 28
in Fig. 1, and an ordinary control command is fed to a
gate control circuit 42 while detecting the ordinary
operation to perform a rotation control or a

power-saving control.
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The ordinary operation detector 40 has a start
finish detector 44, an operation stop detector 46 and a.
control signal generator 48 which outputs an ordinary
control command from when inputting a start finish
detection signal from the start finigh detector 44 to
when inputting an operation stop detection signal. The
start finish detector 44 may be formed of a starting
current reduction detector 50 for detecting the approach
of a large starting current flowed after the SW1 is
closed to an ordinary value as approaching to the
completion of the starting operation as shown in Fig. 8,
or a rotating speed rise detector 52 for detecting the
approach of the rotating speed gradually rising after
the SW1 is closed to the ordinary value as approaching
to the completion of the starting operation as shown in
Fig. 9. 1In the case of Fig. 9, it is.adapted for the.
case that a rotation sensor is provided in the induction
motor 14 to perform the rotation control by the feedback
control. )

The operation stop detector 46 may employ,
similarly to Fig. 2, an electric variation occurrence
detector for detecting the occurrence of an electric
variation taken place on a power supply circuit (a power

supply system) upon stopping of the operation such as a

noise component detector for detecting a large surge
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voltage or a radioactive noisergenerated when the load
current stop‘defector or the SWl1 is OFF, a switch OFF -
operation detector for detecting the OFF operation of
the SS1, for example, by a mechanically interlocking
switch or a rétaﬁion stop detector for detecting the
stop of the rotation of the induction motor 14.

The control signal generator 48 may employ an R-S
flip—fldp which sets by inputting, for example, a start
finish detection signal and resets by inputting an
operation stop detection signal, or a switch circuit
such as a relay which is closed by a start finish
detection signal, opened by an operation stop detection
signal, and outputs.a switch signal during the ON period.

When the gate control circuit 42 does not input an
ordinary control command from the ordinary operation
detector 40, the gate control circuit 42 is switched to
a large conducting angle. Therefore, the induction
motor 14 receives a large voltage of E

«

smoothly start until the starting operation is finished

out (large) to
after the SW1l is closed. When the induction motor
finishes the starting and enters the ordinary operation,
the gate control circuit 42 which inputs the ordinary
control command performs the ordinary.rotation control
or power~-saving control, sets the conducting angle, for

example, to a preset small conducting angle, and
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supplies the E, (small) to the load side.

ut

When the operation is stopped, the'ordinary control
command is released, and the gate control circuit 42 is
again switched to the large conducting angle. Since the
load current becomes zero when the operation is stopped,
the output voltage of the power controller 54 also
becomes zero.

Fig. 10 shows a third embodiment of this invention.
A voltage elevator 58 of a powér cont;dller 56 has a
thyristor 18, a gate control circuiL 60 for achieving a
rotation control or a power-saving control of an
induction motor 14, and a shorting circuit 62 for
shorting the thyristor 18 as required. The shorting
circuit 62 may be formed by a mechanical relay or a
solid type AC relay. When the shorting circuit 62
receives a voltage rise command from an exterior, the
shorting circuit 62 closes a circuit to short the both
sides of the thyristor 18.§o stop the phase control of
the thyristor 18, and ocutputs the input voltage Ein as
Eout(large) as it is.. When the shorting circuit 62 does
not, on the contrary, inputs'the voltaée rise command
from the exterior, the shorting circuit 62 opens the
|circuit to disconnect the thyrictor 18, places the -

thyristor 18 under the control of the gate control

circuit 60 to perform a rotation control or power-saving

- .

~a
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control.

The gate control circuit 60 has a phase control
circuit for achieving a rotation control or a power-
saving control, and performs the control value fixed,
continuous or stepwisely variable.

A start detector 64 of the power controller 56 has
a start initiation detector 24 similarly to that in Fig.
1, a staft finish detector 44 similar to that in Fig. 7,
and a control signal generator 66 which outputs a
voltage rise command during a period from when inputting
a start initiation detection signal from the start
iniﬁiation detector 34 to when inputting a start finish
detection signal as a starting period. The control
signal generator 66 may be formed similarly to the
control signal generator 48 in Fig. 7.

The operation of the power controller 56 of Fig. 10
will be simply described. The SW1l is opened in advance,
and it is assumed that other electric device 16 is -
energized to output Eoﬁt(sm;ll)‘

When the SW1l is closed to start the induction motor
14 in this state, the start initiation.detector 34
detects the occurrence of the start of the induction
motor 14, and outputs a start initiation detection signal
to the control signal generator 66, The control signal

generator 66 is energized by this detection signal to
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apply a voltage rise command to the shorting circuit 66,

and returns the supplied voltagé to a load from

Eout(small)=3/4Ein to E (1arge)=Ein. Thus, the

out
predetermined voltage sufficient for smooth starting
operation of the induction motor 14 of the magnitude Ein
is applied to the induction motor 14 during the starting
ope;ation to smoothly start the induction motor 14.

When the start approaches the completion, the start
finish detector 44 detects the start finish and outputs
a start finish detection signal, the control signal
generator 66 stops the voltage rise command output.
Thus, the shorting circuit 62 is disconnected from the
thyristor 18, and the thyristor 18 performs the phase
control of rotation control of power saving control by
the gate control circuit 60, and outputs, for example,
Eout(small)=3/4Ein to the load side. Therefore, the
induction motor 14 is subjected to -a rotation control or
a power-saving control during the ordinary operation,

The Eout(small) is not fimited to 3/4Ein similarly
to that in Fig. 1.

The other electric device 16 is an induction motor
with a mechanical load. If this induction motor is
desired to be compensated for the start, a start

detector 64 for the other electric device 16 is provided

separately from the start detector 64 for the induction
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motor 14, the yoltage rise command ‘of the start deilecior
64 (the logic sum of the presence and ébsence of the
output) is used as a final voltage rise command to be
inputted to the voltage elevator 58, and even if either
start detector 64 outputs the voltage rise command, the
supplied voltage may be raised. In addition, the start
detection of the other electric device 16 ﬁay be
performéd by using the start detector 28 in Fig. 1 by
employing the start initiation detector 24, for example,
as the switch ON detector 32 for detecting the closure
of the power source switch of the other electric device
16.

Even when the other eiectric device 16 is not
provided at the output side of the power controller 56,
the induction motor 14 is solely connected or the other
electric deﬁice 15 operated simultaneously with the
inducﬁion motor 14 is provided, the abovementioned start
compensation can be perforped by the power controller 56
shown in Fig. 10.

Figs, 1, 7 and 10 have shown the case that the
power controller performed the rotatioﬁ control or the
power-saving control of the induction motor 14 with the
mechanical lcad 12. This invention may be additionally
applied to an illumination implement 68 of a discharge

lamp such as a fluorescent lamp or a neon lamp having
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SW2 as shown in Fig. ll. Since a low voltage for
performing a dimming or power-saving ig supplied, even
if an initial lighting operation becomes difficult, a
start compensation can be effectively performed. Of
course, the illumination implement 68 of discharge lamp
connected to the load side may be sole, a plurality in
parallel with other electric device 70 or in parallel
with an’electric device of other type.

The voltage elevator 22 of the power controller 10

shown in Figs. 1 and 7 may be replaced with the voltage

elevator 58 shown in Fig. 10. The starting current
detector 34 in Fig. 4 and the starting current reduction
detector 50 in Fig. 8 have been provided in a main
circuit from the Ein of the power controllers 10, 54

flowed with all load currents to Eou However, they

t’
may be provided in a branch power supply line of the
electric device for performing the start compensation
around the SW1l (Points A or A' in Figs. 1 or 7).

Fig. 12 shows a fourth embodiment of this
invention, and is a circuit diagram showing an example
that a power-saving power controller 100 according to
this invention is applied to a vending machine. 1In Fig.
12, a main circuit is formed by connecting a voltage

elevator 136 and a load 138 of a vending machine of

rated Einv in series through a main power source switch
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132 and a fuse 234 to a plug 130 which, for example,
receives a commercial power source ACEinV. -
The voltage elevator 136 has a triac 140 inserted

into the Qain circuit, and a gate control circuit 142
Lor Lurning ON the triac 140 at a predetermined
conducting angle. The gate control circuit 142 has a
phase control switching circuit 170 for switching the
phase angie in two.stages of substantially minimum value
and'the ordinary phase angle.

The gate control circuit 142 has a capacitor Cl
connécted at one terminal to the-TI—side of the triac
140, four diodes D1 to D4 connected in a bridge in a
pfedetermined direction with both ends of the Cl1,
resistors Rl to R5 connected between the connecting
points of D1 and D2, D2 and D3, D3 and ‘D4 and the T2
side of the triac 140, and an SBS inserted between the
other terminal of the Cl, i.e., the connecting point of
the D2 and D3 and the gate terminal G of the triac 140.

The gate control circu££ 142 flows a current from
the Cl1 to the R2, R3, R4 during the period that the Tl
side of the triac 140 is positive and the T2 side is
negative, and, on the contrary, a current from the R4,
R2, R3 to the Cl during the period that the T, side is

negative and the T, side is positive to switch the SBS

after a predetermined charging time determined by the Cl
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and the R2 to F4 from when the polarity is changed to
apply negative or positive trigger pulse.to the G
terminal of the triac 140 in either case.

When the gate control circuit 140 applies ﬁhe
trigger pulse to the triac 140, the triac 140 is
conducted and holds the conductive state until the
current flowed between the T, and the T, becomes zero.
The angle from when the AC power source voltage Ein
becomes zero to when the trigger pulse is received to

- conduct the triac 140 is called "a phase angle". ' This
phase angle may be variable by regulating R3 pf a
variable resistor. 1In this embodiment, in order to save
the voltage (line voltage ) of ACEin(V) inputted from
the plug 130, for example, in the state that the both
ends of the resistors R2, R3 are not shorted, it is
droppéd‘to Eout(small)=95/100Ein(V) and set to the value
supplied to the load 38. The phase angle at this time
is hereinafter referred to as "a power-saving phase’
angle". '

It is, of course, that the Eout(small) may be
larger than or smaller than BS/lOOEin.

On the other hand, the R4_is much-smaller than_the
R2, R3, and when the both ends of the R2, R3 are
shorted, a nonconducting angle is set to the minimﬁm

phase substantially near zero. In this case, an input

0217954 "%
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voltage Ein(V) is applied as Eout(large) to the load 138

10

15

20

25

as it is.

The voltage applied to the load may be set to a
phase angle to become, for example,
Eout(large)=9/10Ein(V) instead of the minimﬁm phase
angle when'the both ends of the R2, R3 are shorted by
suitably varying the value of the R4.

The D1 to D4, Rl, R5 in the gate control circuit
140 are for alleviating a hysteresis.

A choke coil Ll is connected in series in the main

circuit of the T, terminal side of the triac 140, and a

1
capacitor C2 is connected in parallel with the choke

coil L1 and the triac 140. The L1, C2 form a low pass

IC filter to suppress a high frequency noise generated

when the triac 140 is turned ON and OFF, together with

the choke coil L2 connected in series in the main
circuit of the T2 terminal side of the triac 140. C3,
R6 inserted in parallel with‘the C2 are for regulating
to suppress a noise and to improve the turning ON and
OFF of the triac 140.

Cr, R7 and C5,‘R8 are connected in ﬁarallel between
the terminals T, and T, of the triac 140. The C4, R7,
C5, R87prevent a flicker feasibly occurring when a

fluorescent lamp 144 of a load 138 inputs a low voltage

controlled in phase.
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More particularly, when the phase-controlled:
voltage is generally applied to a fluoréscent lamp load,
if the power-saving rate is 20% or less with small phase
angle, there is almost no problem, but if the
power-saving rate exceeds 30%, a Ilicker phenomenon
(including flashing of several second interval from
fluctuation in every cycle) occurs in the phase angle,
and when the phase angle further exceeds 90°, £he lamp
becomes impossible to light. Thus, the power-saving
over 20% to 30% is heretofore impossible or difficult.

However, if a small current is flowed to the
fluorescent lamp even when a triac is nonconducted (at
a level not remarkably obstructing the power-saving
effect), the inventor has discovered that the phase
control over the phase angle of 90° or larger can be
performed without the flicker phenomenon.

A method of flowing a small current to a
fluorescent lamp when a triac is nonconducted has the
steps of providing a bypass'circuit in parallel with a
triac in a main circuit, turning ON the bypass circuit
only when the triac is nonconducted to flow the current,
or always turning ON the bypass circuit, and flowing a
current to the bypass circuit even when the triac is
nonconducted and conducted (but since the voltage at

both ends is almost near zero when the triac is
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conducted, the current flowed to fhe bypass circuit is
extremely smalli. The former may be formed, for
example, of a triac for forming a main circuit, and a
thyristor, R, C, L controlled in reverse conducting
angle thereto. The latter may be formed of R, C and L..
When the triac is nonconducted, a pulse generator
for flowing a small current to a fluorescent lamp may
be connected to both ends of the lamp. In summary, a
thyristor for phase-controlling the power source voltage
may be a small current supply circuit capable of flowing
a small current to the fluorescent lamp at nonconducting
time.

More partioularly, the ocuxront may bo a cmall

. current flowed to a bypass circuit of a sole resistor,

but since the heat loss of the resistor becomes
drawbaock, C is ucod mainly, and combined with R to set
the constant suitably. Fig. 13 shows an example of the
pattern of a fluorescent lamp current which cqntains a
small current. )

As described above, the power-saving of 80% or more
can be performed.

In this embodiment described above,.in which five
glow type fluorescent lamps of 100V and 30W are
employed, a preferable exampie includes C4=0.1yF, R7=100

ohms, C5=9.4 to 27PF’ and RB#SO ohms. In case of 120V

0217954
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or 220V, the copstants may be suitably altered. The R7,
C5, R8 also have entirely a function of a snubber
circuit., Even when the C5, R8 side becomes defective by
discoﬁnection, since the C4, R7 are set to the same
constants as those of the conventional  snubber circuit,
the turning ON and OFF of the triac 140 may be held in a
preferable state.

The load 138 is connected with an electric device
such as an induction motor 148 coupled with goods (can
juice, packed milk) cooling compressor 146, a
fluorescent lamp 144, goods supplying mechanism (a coin
mechanism) 150 or a microcomputer system 152 for
identifying a money note in parallel. Other load
includes, though not shown, a fan motor of a
refrigerator.

Relay éwitches 154, 156, 158 for turning ON the
power sources individually are fespectively provided in
the induction motor 148, the fluorescent lamp 144 and
the goods supplying mechanism 150. The relay switch 154
is connected to a thermostat (not shown) which operates
by detecting the goods temperature or the temperature in
the refrigerator, closes siﬁultaneously when the
thermostat is closed if the goods temperature or the
temperature in the refrigerator becomes the

predetermined value or higher, and opens the thermostat

0217954 .
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when the goods.£emperature or the temperature in the
refrigerator becomes the predetermined value or lower,
to simultaneously open the relay switch 154.

The induction motor 14 has a constant rotating
characteristic having less rotating speed variation even
1f the applied voltage changes, and the compressor 146
has substantially éonstant load torque even if the

rotating speed varies. Normally, the induction motor

148 for rated Ein for driving the compressor 146 can

normally operate even if the applied voltage has the
operating point of approx. 85/100 to 80/100Ein(V), and
even if the applied voltage is dropped, the rutating
speed change is less, and the refrigerating capacity
does not almost alter. Further, the current alteration
is less. Therefore, the power-saving can_be performed
in the smount of the voltsge dvop from E, (V).

-However, the starting torque of the induction motor
148 is small, while the starting load torque of the
compressor 146 of reciprocétion type is large. Thus, if
the voltage applied to the induction motor 148 is, for
example, 85/100(V) of Ein when the relay switch 154 is
closed to start the motor, the effective power becomes
insufficient, a rotation locking phenomenon occurs due
to an unbalance between the rotary torgue and the load

torque, and there is a possibility that the inductlon
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motor might not smoothly start.

In this embodiment, when the induction motor 148 is
started in the state that the compressor 146 of a
meclianical luad is coupled, a large starting current
(which is several times of that at ordinary operation
time) is flowed to largely vary the voltage value Ein of
the commercial power source line. Therefore, this is
utilized‘to prevent the induction motor 148 from
becoming defective at starting time. A noise component
generated in the circuit at starting time may be
utilized.

The relay switch 156 is interlocked to a time limit
timer (not shown), which is, for example, closed from 5
o'clock in the cvening to 7 o'clock in the morning whon
the outdoor becomes dark, while opened from 7 o'clock in
the morning to 5 o'clock in the evening.

The fluorescent lamp 144 is used to readily
identify the goods by a user by illuminating the sample
of the goods, and when the épplied voltage is, for
example, set to BS/lOOEin(V) by the phase control for
the rated Einv' large power-saving rate ‘'of approx. 50%
can be obtained.

However, if the applied voltage to the fluorescent
laﬁp 144 is low when the relay switch 156 is closed at

the initial lighting time similarly to the case of the

e
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induction motor 148, the filament is not sufficiently
heated, and a kick voltage becomes insufficient to cause
the Imnp to result in a difficulty in lighting. After
the lamp is once lit, if the applied voltage is
phase-controlled to low voltage, the discharging
operation reaidly becomes unstable. Particularly when
an ageing deterioration occurs or the line voltage of
the commércial power source decreases due to an increase
in the power consumption in a general domestic in the
evening, there might occur a flicker phenomenon..

In this embodiment, the initial lighting failure or
A flicker phenomenon is prevented by utilizing the
decrease in the noise component or the line voltage
generated when the fluorescent lamp 144 is initially

lit or the flicker phenomenon occurs.

The relay switch 158 is connected to a goods

selection switch (not shown) through a microcomputer

‘system, and when the goods selection switch is .

depressed, the goods suPplY&ng mechanism operates to
drop goods to the outlet of a vending machine, for
example, while rotatably feeding the goods.

The goods supplying mechanism 150 has a motor or a
solencid, and if the applied voltage is normally held at
85/100E, (V) or higher in the ordinary case, the goods

may be dropped to the outlet. However, if installing
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environment of the vending machine is deteriorated and
not cleaned, dusts are accumulated in the vending
machine to disturb the movement of the supplying

machanisgm 150. Particularly in case of goods such as 1

liter can or 1 liter pack of heavy weight, if the
applied voltage is low, the drive force becomes
insufficient, and the goods tend to be engaged.

Invthis embodiment, the improper goods supply is
prevented by utilizing spike (pulse) noise component
generated when the relay switch 58 is closed and the
voltage is applied to the goods supplying mechanism 150.

The microcomputer 152 is always energized, and not
provided with a relay switch. A money note identifier
which is operated by the microcomputer system 152
delicately detects, and might therefore erroneously.
operate if an abrupt noise generated when the triac 140
is turned ON and OFF is applied.

In this embodiment degcribed above, L2 is further
added to the LC filter of the L1, C2, C3 and RS
described above to prevent the microcomputer system 152
from erroneously operating. '

A noise filter may be inserted to the position
designated by broken lines B, B' for a locad such as the
microcomputer system 152.

A transformer 160 is connected in parallel with the
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main circuit at the load side of the fuse 134. The
transformer 160 converts a primary input ACEin(V), for’
example, into a secondary output AC 12(V), has a bridge
circuit 162 having four diodes D5 to D8 connected with

the secondary side, a resistor R9, a large capacity

capacitor C6, a bleeder resistor R19, a power source ON

"~ displaying light emitting diocde D9,.a resistor R11,_ and

a Zener diode ZD, and produces a stable DC voltage CE of
9V (Zener voltage of ZD) from ACEin(V).

The transformer 160 and the bridge circuit 162 have
a function as a power source voltage detector. In other
words, the output terminal voltage BE (astable DC
voltage) of the bridge circuit 162 is pulsated, but if
the line voltage of ACl00V is varied, the BE alters
substantially proportional thereto. This BE is
outputted as a power source voltage detection signal to
a level converter 164. Even if the line voltage is
slightly reduced, the CE does not almost alter.

This level converter 164 is connected at the
collector through resistors R12, R13 to the DC voltage
CE and at the emitter through a resistof R14 to the
ground of a transistor Tr, The output terminal voltage
BE of the bridge circuit 162 is applied through a
resistor R15 to the base of the Tr.

Therefore, the emitter output E, of the Tr is
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varied proportionally to the BE. The amplitude of the
output voltage E0 can be regulated to the suitable
value by varying R13 of a variable resistor.

The output voltage Eo drops at the voltage level
when power consumption increases in a general domestic
to decrease the line voltage. The voltage level varies
to drop when the line voltage transiently decreases by
the large starting current flowed when the induction
motor 148 is started.

When the fluorescent lamp 144 is lit at the initial
time or generates a flicker, a noise component geherated
by the current change when the goods supplying mechanism
150 is started is mainly fed through the base circuit of
the Tr to the Tr, and superposed on the output voltage
Eo in the amplified form. |

The emitter output Eo of the Tr is applied to the
trigger terminal TR of a timer 172. The timer 172 is
connected at the power source terminal V+ to the DC
voltage CE and at the terminal V_ to the ground. The
reset terminal R is connected to the CE. The threshold
terminal TH is connected through a capacitor C7 to the
ground, and through resistors R16 to R18 to the CE. The
TH is connected to a discharging terminal DC. One of
the R16, R17 is selected by a changeover switch 174, and

the R17 is a variable resistor.
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The R16 tQ'Rla, C7 are for selting a timer-time of
the timer 172, and when the changeover switch 174 is,
for example, shifted to the R16 side, approx. 60 sec. of
time ie set, and when ghifted tn the R17 side, approx. 7
sec, of time is set. 7 sec. of the latter is sufficient
time to start the induction motor 148 and the
fluorescent lamp 144, and to operate the goods
supplyiﬁg mechanism 150.

The control voltage terminal CV of the timer 172 is
connected through a capacitor C8 for preventing an
erroneous operation to the_ground.

The timer 172 thus constructed will be operated as
below. More specifically, the DC terminal and the
output terminal OUT are set in advance to "low" level,
and when the C7 is completely discharged, if the input
level of the Tr terminal is dropped to 1/3 or lower of
the applied voltage between the V_  and the V_ (which is
referred to as "a trigger threshold value VTR")} the
timer is started, and when'the DC terminal is opened,
the output terminal OUT is simultaneously set to "high"
level.

The C7 is charged through the R18, R16 or R1l7 as
time is elapsed, and when the + side voltage of the C7
arrives at 2/3 or higher of the applied voltage between

the V_ and the V_, it is timeup, and when the DC
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terminal is set to "low" level, the output terminal OUT
is simultaneously set to "a low" level?

The level of the emitter output EO of the Tr is set
to become higher by the prescribed amount in the normal
operation sﬁate than the trigger threshold value VTR.

The OUT terminal of the timer 172 is connected
through a gate circuit 175 to a phase control switching
circuit_170. The phase control switching circuit 170 has
four diodes D10 to D13 connected in a bridge at both
ends of the R2, R3 connected in parallel in the trigger
circuit 142, an SCR inserted between the connecting
points of the D10 and D11, and the D12 and D13, and a
gate circuit 175 for applying a gate voitage to the
SCR.

The gate circuit 175 has a resistor R19 connected
in series between the CE and the ground, a light
emitting diode D14 for displaying during the operation
of the switching circuit 170, resistors R20, R21.  The
OUT terminal of the timer 172 is connected between the
R19 and the D14. Both the ends of the R21 are connected
to the gate and cathode terminals of the timer.

When the OUT tcrminal of the timer 172 ic “low"
level, the D14 is not lit, and the voltage at both ends
of the R21 is substantially zero. Thus, the SCR becomes

nonconductive, and the phase control switching circuit
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170 is disconnected from the R2, R3, which do not affect

‘any. At this time, a triac 140 is controlled at

power-saving phase angle.

When the OUT terminal of the timer 172 is, on the
contrary, "high"} the D14 is 1it, a voltaéc io gonoratod
at both ends of the R21 to set the SCR to.nonconductive
state. At this time, éhe R2, R3 of the trigger circuit
42 are shorted through the D10 to D13, and the triac 140
is contrblled by the minimum phase angle.

Then, the operation of the fourth embodimert

constructed as described above will be described. Thé

~plug 130 is connected in advance to a commercial power

source, and it is assumed that the main power source
switch 132 is closed. Since a current is flowed to
thevmicrocomputer system 152 by energizing the power
source, it is assumed that the triac 140 is
voltage-phase-controlled at the power-saving phase
angle. Therefore, the voltage of the load 138 becomes

Fout(small)=85/100EinV.

When the goods temperature or the temperature in
the refrigerator initially rises so that a thermostat
operates to close the relay switch 154, the voltage of
Eout(small)(V) is applied to the induction motor 148.
The induction motor 148 tends to be energized by the

application of the voltage to operate, but since the
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compressor 146 of mechanical load is coupled, the’
induction motor does not immediately start, and a large
starting current flows at time time.

This starting current affects the influence to a
commercial power source side, and the line voltage
transiently vary to drop by the internal voltage drop.
The dropping variation of the line voltage is detected
by the transformer 160 and the bridge circuit 162, and
input to the TR terminal of the timer 172 as the
variation in thée emitter output E, of the Tr.

Since the dropping variation of the E, is large, it
exceeds the trigger threshold value Vor of the timer 172,
and the timer will start. When the timer starts, the
R2, R3 in the trigger circuit 142 are shorted.

Therefore, the triac 140 phase-controls in the minimum
phase angle, and the full voltage.of approx.
Eoﬁt(large)=Ein(V) is applied to the load 38.

Thus, the voltage sufficient to smoothly start the
induction motor 148 of Ein(V) is applied to the induction
motor 148 when the motor £48 is started, and the motor
is smoothly started. When 7 sec. set in advanée by the
timer 72 is, for example, elapsed (the induction motor
48 arrives at the normal rotation in 2, 3 sec.), it is
timeup, the triac 1490 isAreturned to the power-saving

phase angle control state. Then, the induction motor
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148 is operated by the E (small) to perform the

out
power-saving., 'The operation of the inéuction motor 148
is performed until the goods or the temperature in the
refrigerator drops to the predetermined temperature so
that the thermostat is opened.

Then, when a goods selection switch is depréssed by
a user, the relay switch 158 is closed, and the goods
supplyiﬁg mechanism 150 tends to start. In this case, a
large spike noise is presented through-the main circuit,
the transformer 160 and the bridge circuit 162 to the
base circuit at the emitter output EO of the Tr. Since

the E, is momentarily dropped lower than the trigger

0

threshold value V by the noise component riding on the

TR
E,, the timer is started, the applied voltage
Eout(small) for the goods supplying mechanism 150
becomes the full voltage of the Eout(large) similarly as
described above, and the goods are effectively supplied
without being engaged.

After the sufficient .time for completing thé
operation of the goods supplying mechanism 150 is
elapsed, it is timeup.

When it becomes 5 o'clock in the evening so that
the time limit timer is operated to close the relay

switch 156, the voltage of Eout(small)(V) is applied to

the fluorescent lamp 144. The lamp 144 is energized by
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the application of the voltage, it starts discharging to
tend to initially light. When this relay switch 56 is
closed, if a diecharge initiating operation takes place,
large spike and discharge noise is generated to present
an input emitter output EO due to the induction to the
base circuit of the Tr or the creepage from the ground.

Since the E, drops lower than the momentary trigger

0
threshold value Vor by the noise component (variable

component) superposed on the E the timer is started,

o'
the applied voltage to the fluorescent lamp 144 becomes
the full voltage of Eout(large)=Ein(V) similarly to the
above, the heating of the filament is sufficjent, and
the kick voltage is increased,.thereby effectively
lighting the lamp without improper initial lighting.
Then, when the 7 sec. preset by the timer 172 is elapsed
(sufficient time to complete the lighting of the
fluorescent lamp 144), the triac 140 is returned to the
control state at the ordinary power-saving phase angle.
Therefore, the fluorescent lamp 144 is then continued to
light by the E_ . (small) (G), thereby performing the
large power-saving. The fluorescent lamp 144 is lit by
the operation of the time limit timer at 7 o'clock in
the morning from the night until the relay switch 156 is
opened.

In addition, when the fluorescent lamp 144 is

ceaae o
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deteriorated in an ageing manner, its discharge becomes

unstable due to.the low applied voltage to E (small)

out
(V) to cause a'f;ieker phenomenon to oc¢cur. Thus, an
extiemely large noise is generated, fed to the base
circuit of the Tr due to an induction to present at the
emitter output Ej. Therefore, the E, momentarily drops
lower than the trigger threshold value VTR by the noise
componeﬁt superposed on the EO' thereby allowing the
applied voltage to the fluorescent lamp 144 during
lighting to become Einv to the stable lighting_state.
The application of the full voltage of the
Eout(large)(V) is finished in 7 sec., and if flicker
phenomenon does not then occur, it is returned to the
original Eout(small)(V) application state. When
becoming the Eout(small)(V), if there is a trend to
cause flicker phenomenon to regenerate, since it
immediately becomes full voltage applied state when the
flicker phenomenon takes place, the flicker is
suppressed as much as possible in view of timing to
largely reduce the unpleasant feeling of a user. If
the flicker phenomenon continues, the power consumption
increases, but this can be also suppressed. If the
flicker phenomenon always occurs by the application of

the Eout(small)(V), the changeover switch 174 of the

timer 172 is shifted to the R16 side to set the full



10

15

20

25

0217954

- 41 -

- ~ .

- - -

voltage applying time of 60 sec., thereby increasing the
flicker generating period.

Then, if the commercial power source side voltage
drops due to the increase in the power demand in a
general doméstic in the evening to cause the line
voltage ACEin(V) itself to drop, the DC voltage E may be
maintained constant by the %D, but the output terminal
voltage BE of the bridge circuit 162 falls. The emitter
output Eb of the Tr also drops by the decrease in the
BE. '

When the entire level of the E, approaches to the

0
trigger threshold value VTR' even 1f the variation
component contained in the EO is small, it momentarily

drops lower than the VT This is equivalent to the

R*
increase in the sensitivity for th variation component of
the Ey. This increase in the sensitivity is useful to
prevent the lighting of the fluorescent lamp 144 from
becoming unstable due to the drop of the load applying
voltage caused by the decrease in the line voltage.

More specifically, thé lighting of the fluorescent
lamp 144 starts to become unstable due to the decrease in
the applying voltage, and even if flicker phenomenon
does not yet occur in this éase, a noise component

slightly larger than that at normal lighting time is

generated. This momentarily drops the‘E0 lower than the

-

cve ~ -~
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caused by the decrease in the line voltage, thereby
starting the timer.

As a result, the voltage application to the load
138 side becomes full voltage (however, since the line
voltage drops, it is iower than the initial Ein(V)), the
flicker phenomepoh is prevented in advance by the
improper lighting of the fluorescent lamp 144,

If'the line voltage further drops, the entire level

of the E. further falls to eventually become lower than

4]
the Voo thereby starting the timer at this time. Thus,

T
the applied voltage of the load 138 becomes full
voltage, and when the fluorescent lamp 144 is being 1lit,
it can prevent the lamp from improperly lighting due to
the extreme drop of the applied voltage or the stop of
iighting from occurring.

When the induction motor 144 is operating, it can
prevent the cooling capacity from decreasing upon
extremely decreasing of the applied voltage due to the
long time of cooling the qoods.

The timer 172 is adapted to immediately restart if
the E0 is still lower than the VTR after 7 sec. is
elapsed to timeup from the start, and continues the phase

control of the full voltage described above. When it

is around 5 o'clock in the evening to drop the line

R due to the decrease in the entire levei of %hé~%b -l
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voltage regularly in every day, the changeover switch 74
is shifted ir advance to.the R16 side to extend. the
timer time to 60 sec.

According to the fourth embodiment, the full
voitage to continue the arbitrary predetermined time
is applied when the induction motor of load side, the
fluorescent lamp and the goods supplying mechanism.
Therefore, smooth starting opefation can be rapidly and
effectively performed, and even if the line voltage
drops during the operation, suitable operating state,
stable operatinc state and reliable operating state can
be effectively maintained.

In the embodiment described above, the DC voltage
is obtained from the commercial power source. However,
a battery may be used to strengthen the timer against
the noise. A method of detecting the power source
voltage may have, as shown in Fig. 14, the steps of
providing two sets of the secondary windings of a
transformer 180 for inputting the commercial power source
ACEin(V)’ producing the DC.voltage CE similarly to the
case of Fig. 12 by one winding 182, providing a diode
bridge circuit 186, a large capacity cgpacitor clo,
voltage dividers R30, R31 at the other winding 184,
applying the divided voltage BE' through a predetermined

resistor or directly to the base of the Tr of Fig. 12,

ewe ~ -4
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or directly inputting to the TR terminal of the timer
172. In the létter case, one of the R30 apd R31 is
variable, and the detected voltage level of the trigger

thrashold value V., .may be regulated. The noise

component caused by the start of the load side electrac
device or the operation of a load device such as a
flicker of the fluorescent iamp is inducéd in a loop
formed of the point bctwcén the rasoistoro R30 and R31 ox
a line for coupling the TR terminal and the ground
substrate, or crept Fhrbugh the ground substrate from
the'gate controller 142 to be superposed on the detected

voltage. Therefore, since it is not necessary to

provide the special circuit for detecting the noise

component similarly to. the case of Fig. 12, the
construction is simple. However, a capacitor for
passing a high frequency is provided between the main
circuit and the base side or TR terminal side of the TR
to be superposed with a simple construction. Further, a
high frequency passing capacitor CO is connected in

parallel with the R15 of Fig. 12 to increase the

superposing amount.

In the embodiment described above, the phase
control state of the Eout(small)SSIIOOEin(V) is returned
to the full voltage Eout(large)=Ein(V). However, if the

start of the load side electric device is preferable, it
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may be approx. Eout(large)=90/100Ein(V). A method of
returning to the 90/100Ein(V) can simply regqulate by the
set value of the R4 of Fig. 12. The construction of the.
gate control circuit is not limited to that of Fig. 12.
For example, the operation compensating trigger circuit
192 having the same cdnstruction as that of the know
start compensator is provided in the gate control
circuit 190 as shown in Fig. 15. In the case of Fig.
15,'switéhes 196 such as relay switches or thyristor
switches are provided at both sides of the first
capacitor C connected in parallel with the resistor R in
the diodé bridge 194 of the start compensator 192, and
the switch 196 is controlled, for example, by the
presence or absence of the voltage at both ends of the
R21 of Fig 12, C' designates two capacitors. In tﬁis
case, the variation in the effective value of the load
applying voltage after the timer is started is shown in
Fié. 16 (1), and the case of Fig. 12 is sho&n in Figqg.

16 (a). If the line voltage drop due to the power
consumption of general domestic is less, the circuit
configuration after the Tr of Fig. 12 is used, as shown
in Fig. 17, as a comparator 199 for comparing it with a
predetermined reference 1evel-Eref, and the switch 196
in Fig. 5 may be closed for a short time by the signal

outputted from the comparator 1999 when the EO drops
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lower than the Eref (corresponding to VTR

Fig. 18 is a circuit diagram showing a power-saving

in Fig. 12).

control system for an induction motor for driving a

~vending machine or a compressor of a refrigerating

machine such as a refrigerator according to a fifth
embodiment of this invention.

In Fig. 18, the power source of ACEin(V) is
conneéted through a voltage eievator 210 to the
induction motor 212 of a load side. A compressor 214
for forming a refrigerating system (in Figqg. 20) of a
refrigerating machine is coupled as a mechanical load
with the induction motor 212.

A voltage elevator 210 is a gate-control circuit
223 which has a triac 216 of one type of an AC power
control thyristor, a trigger circuit 218 having
resistors R101, R210, a capacitor C101, SBS for
performing a phase control by applying a trigger to the
triac 216, and a phase control switching circuit 22.

The R201 is a variable resistor, which becomeé
minimum (conducting angle of substantially 100%) in the
phase angle when the resistance value is zero, and the
output of the phase control circuit 10 fecomes
substantially E_ . =E. (V). Wheﬁ the R201 is set to the

predetermined value, the phase angle becomes the

predetermined value to become an ordinary power-saving
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phase control state, and the output is dropped, for
example, to Eout(small) -95/Ein(V).

In the embodiment in Fig. 18, when the motor is
started in the state that the compreséor of a mechanical
load is coupled, a large starting current (several times
or larger of the ordinary operation time) is flowed.
Therefore, this current is utilized to detect the
starting Qperation of the motor, certain time phase
angle is minimized to apply a large voltage to prevent
the starting from failing.

On the contrary, power is'saved only during the
period that the operation of the motor 212 is not
obstructed.

More particularly, a starting operation detector
220 is provided in the main circuit, ahd a phase control
switching circuit 222 for switching the phase control is _
connected as one example of the voltage elevation
control circuit to the output side of the starting
operation detector 220. The, output side of the phaée
control switching éircuit 222 is connected tb the
trigger circuit 218.

The starting operation detector 220'has a current
detector 224 having a current transformer ihserted in
series with the main circuit or a small resistor for

measuring the current, and a DC converter, and a
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current detector 224 (the DC voltage substantially
probortional to the current value) with the
predetermined set level slightly larger than the current
value when the motor 212 is ordinarily operated with the
Ein(v) to ocutput "high" level indicating during starting
operation when the measured value is larger than the set
level and “low" level indicating the operation stop or
during the ordinary operation when smaller.

Thé "high" level of the comparator 226 is outputted
to the phase control switching circuit 222 as a starting
operation detection signal as a voltage rise command
representing the power-saving rate reduction period
{including the power-saving inhibiting period). The
phase control switching circuit 222 has diodes D21 to
D24 connected in.a bridge in a predetermined direction at
both ends of the R201 of the trigger circuiﬁ 218, an SCR
inserted between the diodes D21 and D22, and between D23
and D24. and R301, R401 for supplying the output of the
comparator 226 to the gate terminal of the SCR by
dividing the output of thé comparator 226.

The phase control switching circuit 222 turns ON
the SCR while the comparator 226 outputs the "high"
level to short the R2, performs the phase control at the

minimum phase angle, uses the output of the voltage
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Ein(v)’ and turns OFF the SCR while the comparator 26
outputs the "low" level to disconnect it from the R201,
Then, the switching circuit performs the phase control
at the predetermined power-saving phase angle to drop
the output of the voltage elevator 210, for example, to
85/100Ein(V).

Then, the operation of the fifth embodiment will be
described. |
When the thermostat set to a predetermined place of the
refrigerating machine is operated to close a switch
SW1l, a large starting current is initially flowéd to
the main circuit.

When the.rise of the starting current exceeds Iye the
comparator 26 outputs aA“high" level, the control
switching circuit 22 shorts the R201 of the trigger
clrcuit 218 to the minimum phase angle, and the voltage
elevator 210 outputs the voltage of Eout(large)=Ein(V).

Thus, the power-saving operation is not perfo;med
during the starting operation of the motor 212, and the
motor is smoothly started by continuously applying
sufficient voltage to the smooth starting operation of
the E, (V).

When the rotating speed rises by the start of the

motor 212, the starting current decreases. When the



10

15

20

25

. 0217954

speed approaches to that of the ordinary operation to =~ :

" drop to the staring current IOI,Vthe output of the

comparator 226 becomes "low" which designates the
power~saving enabling period, and the phgse control
switching circuit 22 is disconnected from the trigger
circuit 218,

Thus, the phase control circuit 210 becomes the

phase control state at the ordinary phase angle.

Therefore, the motor 212 is operated by the
Eout(smali)(V) during the ordinary operation of the motor
212 to save the power as cohpared with the case that the
motor is operated ordinarily by the Eout(large)(V).

The operation of the motor 212 is performed uﬁtil
the switch SW1l is opened by the operation of the
thermostat. .

According to the fifth embodimeﬁt, the starting
operation period of the motor 212 is effectively detected
to .apply the high voltage to the motor. Therefore, the
motor does not occur a rotation lock to be started in a
short time, thereby shifting to the power-saving
ordinary operation.

After the SW11l is closed, the low voltage is
applied until the starting current becomes a peak or
exceeds the peak to initiate starting to suppress the

peak of the starting current, and the hiéb voltage may
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be then applied thereafter until the mMOtor starts - the +o=+iss ==
ordinary operation.

When the éower—saving rate is reduced, the
Eout=Ein(V) is not always set, but 95/1oozin(V) or
90/100V may be, for example, applied to the motor.
Further, the thyristor may not employ the triac but
other element such as an SCR, the trigger circuit may
employ C, R and SBS, and may employ a reed relay, a
photocoupler, a pulse transformer, IC or transistors,
and high sensitivity triac, and may switch the phase
angle to the two stages of the minimum angle and the
ordinary power-saving phase angle.

Fig. 19 is a circuit diagram showing a dimminé or
power-saving control system for a glow type fluorescent
lamp according to a sixth embodiment of this invention.

In the sixth embodiment, a voltage elevator 210 has
a triac 216, a first trigger circuit 218 for performing
a phase control at the ordinary phase angle, and a
second trigger circuit 234 for performing a function of
a switch at the triac 216.-

The second trigger circuit 234 has a resistor $301
and a reed relay 236. When "high" level is input to the
transistor Trl of the reed relay 236, its contact 238 is
closed, -and when the SW12 of- the load side is closed,

the triac 216 is always turned ON to output the
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Eout(large)=Ein(V), and when the input of the transistor
Trl is "low" level, its contact 238 is opened to
disconnect the second trigger circuit 234 from the triac
216. At this time, the triac 216 receives a phase
control at the ordinary phase angle by the first trigger
circuit 218.

C2, R4 are a bypass cirquit 240, when the first
trigger circuit 218 pérforms a phase control, the first
trigger.circuit supplies power to the fluorescent lamp
implement 242 during OFF period of the triac 216 in each
cycle to fire a discharge tube, thereby flowing a small
current to prevent an unstable lighting or flicker
generated when the.voltage dropped simply by the phase

control is applied to the ordinary glow type fluorescent

lamp +n largely dim or power-save without applving

unpleasant feeling to a personnel.

An ordinary operation detector 244 is provided in
the main circuit. This detector 244 has a current
detector 246 having a DC converter which has a current
transformer or a small resistor and a capacitor inserted
to the main circuit, and a comparator 248 which outputs
"low" level when the output of the current detector 248

drops lower than the predetérmined level I, slightly

larger than the current value at the Ein(V) ordinary

operation time of the fluorescent lamp implement 242
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preset at the output of the current detectér ﬁ4h'éﬁd’ A
"high" level wheﬁ exceeds. An R-S flip-~flop 250 set by
the down edge which alters ffom "high”.to "low" at the
output of the comparator 248 is provided at the output
side of the comparator 248,

The Q terminal of the R-5 flip-flop 250 is
connected to the base side of the Trl to control the
reed relay 236.

The‘oéeration of the sixth embodiment wiil be
described.

The R-S flip-flop 250 is reset by the down edge
appled to the reset terminal when the SWi2 is OFf or
during the OFF, and the Q terminal output is set to
"high". When the SW12 is opened, the Trl of the reed
relay 236 is conducted, and the relay coil 252 is
excited. Therefore, 1ts contact 238 is closed, and when
the main circuit is closed, the triac 216 becomes
normally ON state.

Thus, when the SW12 is closed to initially light
the fluorescent lamp implement 242 as a starting
operation, the high voltage of Eout(large)=Ein(V) is
applied to the fluorescent lamp implement 242, The
heating of the filament and the gene?ation of high kick
voltage due to the opening and closing of the contact of

the glow lamp are neceséary at the initial lighting of
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the flow type fluorescent lamp, but if the -load side
applying voltage when the SW12 is closed becomes, for

example, much lower than the Ein(v) with respect to the

fluorescent lamp implement 242 of the rated Ein(V), the
lamp implement might fail to initially light with the
insufficient voltage.

In the embodiment of Fig. 19, since ﬁhe voltage of
Ein(V) is apéled from the initial of the ON of the SWl2,
the flow lamp and the safety unit are effectively
operated to perform the initial iighting operation.

A relatively large starting current is flowed to
the main circuit at the initial lighting time, and when
the initial lighting is completed to shift to the |
ordinary lighting, the current is converged to the
relatively small steady current.

The comparator 248 outputs "high" level from when
the starting current exceeds 102 immediately after the
initial lighting is initiated, then the initial lighting
operation is substantially'finished, and to when the
starting current drops lower than the 102. The Q output
of the R-S flip-flop 250 remains “high" during this
periad. -

When the initial lighting is substantially finished
and the starting current drops lower than the 102, the

output of the comparator 248 shifts from "high" to
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"low", the R-S flip-flop is set by being éne;glzédlby G
the down edge, and the Q output is shifted from "high"
to "low" to indicate during the ordinary operation.

Thus, the Trl of the reed relay 236 becomes
nonéonductivé, the relay coll 252 is deenergized to open

its contact 238 to disconnect the second trigger circuit

234 from the triac 216, Thoerefore, the t+riac 216 falls
the phase control of the first trigger circuit 216, and
supplies; for example, the low voltage of
Eout(sma11)=85/100Ein(V) to the fluorescent lamp
implement 242 at the power-saving ordinary phase angle
preset by the regulation of the R2.

As described, the ordinary opération (ordinary
1ightin§) of the fluorescent lamp 242 is performed by
the low voltage to perform dimming or power-saving.

While the fluorescent lamp is lit by the low
voltage of Eout(small)(V), the bypass circuit 240
operates to prevent unstable lighting or flickering.

This sixth embodiment detects the ordinary
operation and then performg dimming or power—saviﬂg
control to apply the lower voltage than the rated
voltage.

Fig. 20 is a circuit diagram showing the
power-saving control system for a refrigerating machine

of ‘a vending machine according to seventh embodiment of

~e
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this invention.

The seventh embodiment has a.triggef circuit 218
for performing a phase control at the power-saving
ordinary phase angle with a triac 216, an induction
motor 212 for driving a compressor 214 of a

refrigerating system at the load side of a voltage

elevator 212 of a shorting circuit 270, and an ordinary .

chilled air circulating fan motor 264 provided
oppositely to an evaporator 262 for forming part of the
refrigerating system provided in a refrigerating chamber
260 for containing goods such as can juices, as
connected in parallel.

More specifically, as described above, the

power-saving is performed by supplying the low voltage

- of Eout(small)=85/100Ein(V) to the motor 212 during the

operation of the motor 212 to power-save the motor 212
in the amount dropped from the Ein(V), additionally
reducing the voltage supplied to the fan motor 264 of
rated Ein(v) to decelerate tke rotating speed of the fan
motor 264 (since the fan has square characteristic of
the rotating speed/to:que, if the voltage arops, the
rotating speed also decélerafes), reducing the
circulating amount along the chamher wall 266 af the
refrigerating chamber 260 to weaken the heat exchange

generated to the atmospheric air of the high temperature
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side'through the-chamber wall 266, and shortening the
one operation time of the moﬁor 212 by éuppréssing the
temperature rise of the goods once cooled to increasing
the operating interval. |

The SW1 provided in the motor 212 opens and closes
by the operation of the thermostat (not shown). The
SW13 provided in the fan motor 264 opens when the door
of the refrigerating chamber 260 is opened (not shown) to
£fill goods, and élosés when‘closed.

SW14 connected together with R501 opens or closes
between the DC power sburce and the ground in
cooperation with the opening or closing of the SW13, and
the operation detection signal of the fan motor 264 which
becomes "high" when the SW13 is closed.and “low" when
opened is outputted to the starting operation detector
268 of the motor 212 to be described in detail later.

A shorting circuit 270 is connected in parallel
with the triac 216 in the main circuit. The shorting
circuit 270 has a triac 272'provided in parallel with
the triac 216, and a photocoupler type trigger circuit
273 for controlling the switching operation of the triac
272,

This trigger circuit 273 has R601, LED, R701
connected in series with both ends of the triac 272, and

RB01, C4S, Tr2 connected in series between the DC power
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source and the'éround, and the gate terminal of the
triac 272 is coﬁnected between the CdS and the R701.

When the base of the Tr2 becomes "high" level, the
LED emits a light to reduce the resistance of the Cds,
and when a current is flowed through the R601 to the
gate of thevtriac 272 to close the SWll or SW1l3, the
triac 272 is always turned ON. 1In this case, since the
both end voltage of the triac 216 is zero, the triac
216 side is OFF, and the Eout(large)=Ein(V) is applied

to the load side. On the contrary, when the base of the

Tr is "low" level and the triac 272 is always OFF, the

voltage varying circuit 270 is disconnected from the
main circuit. Therefore, the triac 216 performs the
phase control at the predetermined phase angle to apply,
for example, the Eout(small)=85/iOOEin(V) to the load
side.

A starting operation detector 268 for detecting the
power-saving rate reduction period is further provided
in the main circuit. This circuit 268 has, similarly to
the fifth embodiment, a current detector 224, a first
comparator 226, a second comparator 274 for comparing
the output of the current detector 224 with the
predetermined current level 103 preset to higher than
the I01 at the load current of the fan motor 265 to

output a high level when the detected current exceeds
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the 103, an AND.278 for switching the outputs of the
first and secoﬁd comparators 226, 274 in response to the
operation or stop of the fan motor 264 to input the
outputs of the second comparator 274 and the SW14 to
output to the Tr2, an AND 280 for inputting the output
of the first comparator 228 and the signals inverted
by the inverter 278 from the output of the SW14, and an
OR circuit 282 for inputting the outputs of the ANDs
276{ 280 to output through the R801 to the Tr2.

The operation of the seventh embodiment will now be
described.

It is assumed that the SW1ll is initiadlly opened,
and the SW13 is closed. At this time, the fan motor 264
is rotated, and a current is flowed to the main circuit,

but since it is much smaller than the I the outputs

o1’
of the first and second comparators 228, 274 are "low"
in the power-saving enabling period, thus the Tr 2 is
nonconducted, and the triac 272 is always OFF,

More particularly, the power-saving voltage dropped
to the Eout(small) is applied to the load side upon
receiving of the phase control of the triac 216. The
fan motor 264 rotates at a lower speed than the case
that operated by the Eiﬁ(v) to reduce the circulating

amount of chilled air, but sufficient to uniformly cool

the goods in the refrigerating chamber 266.
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As described above, in order to suppress the heat
exchange with atmosphéric air generated‘through the
chamber wall 266, the temperature. of the goods hardly
rises, and the operability of the motor 212 drops,
thereby performing the power-saving.

When the thermostat operates in this state to close
the SW1l1l, the motor 212 starts initiating. If the
voltage applied to the motor 212 is low to the
Eout(small)=25/100Ein(1arge), the motor causes a '
rotation lock. Therefore, in order to avoid this lock,
the power~saving rate is reduced as below to apply the
full voltage of the Eout(large)=Ein(V) to the motor 212
during the starting operation.of the motor 212,

More specifically, a large starting current is
flowed to the main circuit due to the start of the motor
212 in addition to the load current of the fan motor 264.
When the current of the main circuit exceeds the IOl’
103 by the rise of the starting current, the outputs of
the first and second compafators 226, 274 become "high"

Since the SW14 is closed in advance by the closure
of the SW13 and the AND 276 side is selected, when the
output of the second comparator 274 becomes "high",
"high" level is applied to the Tr2 from the AND 278
through the OR 282 to conduct the Tr2. Thus, the LED

emits a light'to reduce the resistance of the CA4ds,
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thereby always turning ON the triac 272,

The ACEin(V) is applied to the load side as it is,'
and the motor 212 obtains a large torque to smoothly
start. As the starting operation advances, the rotation
of the motor 212 rises, and the starting current then
decreases. When the starting current decreases lower

than the I near the completion of the starting, the

03
second comparator 274 becomes "low", the power-saving
rate reduction period is finished to conduct the Tr2,
thereby always turning OFF the triac 272,

Thus, the motor 212 is then ordinarily operated

with the low voltage of Eg t(small) (V), thereby

u
performing the power-saving by the operation itself of
the motor 212.

The motor 212 continues operating until the SWllIis
opened by the operation of the thermostat. When the
door is opened to.fill the goods in the refrigerating
chamber 266 during the operation of the motor 212, the
SW13 is opened to reduce the current value flowed to the
main circuit.

Then, the thermostat is operated in-the state that
the SW13 and SW1l are both opened, and when the SW1l is
closed, the motor 212 starts to flow a large starting

current.

However, in this case, the current value is smaller



10

15

20

25

0217954

- 62 -

in the amount th&t the fan motor 264 is stopped. When
the current valﬁes exceeds the Igyr IéB'during the )
rising of the starting current, the first and second
comparators 226, 274 output "high". Since the SW13 is
opened this time, the AND 280 side is selected, and when
the-output of the first comparator 226 becomes "high",
*high" ieﬁel is applied from the AND 280 through the OR
282 to the Tr2 to conduct the Tr2.

Thus, the triac 272 always turns ON, the voltage of
100V dropped in the power-saving rate is applied to the
motor 212 to smoothly start the motor;

As the rotating speed of the motor 212 rises, the
current value gradually decreases. When approaching to
the ordinary operation, the current value drop lower
than the 101, and the output of the first comparator 228
then alters to "low" to nonconduct the Tr2, thereby
always turning OFF the triac 272. Therefore, the motor
212 is ordinarily operated by the low voltage of the
Eout(small)(V) by the triac 216 to perform the
power-saving.

According to the seventh embodiment, a plurality of
loads are provided in parallel, and even if the
detection of the load current of sole motor at the load
side is difficult, substantially the entire starting

operation period of the motor can be effectively grasped
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ifrespective of.the application or release of the other
load, thereby fapidly staring. The shorting circuit 270
may be formed of a mechanical relay or a transistor
switch, .

Fig. 21 is a circuit diagram showing an eighth
embodiment according to this invéntion. This eighth
embodiment shows the case of the parallel connection for
performing the power-saving by an induction motor 212
for driving a compressor 214 at the load side, and a
glow type fluorescent lamp implement 242.

In Fig. 21, reference numeral 283 designates a
starting operation detector for a fluorescent lamp. 1In
other words, a SW15 which cooperates with the opening
and closing of a lighting SW12 of a fluorescent lamp
implement 242 and a resistor R901 are connected between
a DC power source and the.ground, and when the SW15 is
closed, a signal signal which shifts from "high" to
"low" is input to the set terminal of a down edge -
trigger type R-S flip-flop 284. |

A starting operation finish detector 288 formed
siﬁilarly to the ordinary operation detector 244 in the
seventh embodiment is proviced in a‘fluorescent lamp
side power supply lien 286, and the output of the
detector 288 is input to the reset terminal of the R-S

flip-flop 284.
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Therefore, when the SW12 is closed, the R-S
flip-flop 284 is set to output "high" level from the Q
terminal, while when the starting current drops lower

than the predetermined level I as the initial lighting

02
operation approaches the finish after the SW12 is

closed, it is reset by the ocutput variation from "high"
to "low" of the starting operation finish detector 288

to output'“low" level from the Q terminal.

Accordingly, the "low" output of the R-S flip-flop

284 represents the poWerfsaving enabling operating

period. 'In other words, the SW16 which cooperates with
the opening and closing of the SW1l for turning ON the
power source to the motor 212 and the R110 are
connected between the DC power source and the ground,
and when the SW16 is closed, the switch signal shifted
from "low" to "high" is input to one input terminal of
the AND 291,

A rotating speed detector 2929 is provided on a
rotational shaft of the motor 212 to outputs a rotaﬁing
speed detection signal which increases or decrease at
the voltage level according to the high or low of the
rotating speed.

This rotating speed detection signal is outputted
to a comparator 294, and when exceeding a predetermined

reference sp€ed level No slightly smaller than the

.. 0217954
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rotating speed'when rotated normally with the Ein(V) in
advance (where NO may be higher or lower than the
rotating speed at ordinary operation time with the
Eout(small) (V) , but described in case of low value in
the embodiment), the comparator 294 outputs "low" level
to the AND circuit 291.

The "low" output of the AND circuit 291 represents
the powef—saving enabling operaﬁing period.

The output sides of the R-S flip~flop 284 and the
AND 291 are connected through an OR circuit 298 and a
photoisolator 297 to the phase control switching circuit
222. The "low" output of the OR circuit 296 becomes the
power-saving enabling period when observing the entire
load side. A voltage elevator 300 provided in the main
circuit has a triac 216, a trigger circuit 302 with a
hysteresis preventing circuit having R111, R112, D15 to
D18, and a phase control switching circuit 222. The

both ends of the R201 are shorted by the phase control

swiltching cilrcuit 22 as a power-saviny rale reduction
period (voltage rising period) while any of the
fluorescent lamp 242 or the motor 212 applied with the
power source is not power-saving enabling period but
outputted with "high" level from the OR circuit 296,
Thus, the triac 216 is phase-controlled -by the-minimum

phase angle, and supplies the full voltage of the Ein(V)
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to the load side. Therefore, the load closed with the
SWli or SW12 is operated with the Ein(Vi.

On the contrary, when the flucrescent iamp 242
energized with the power source is in the power-saving
enabling period‘togethér with the motor 212 and while
“Jow" level is outputted from the OR circuit 298, the
phase control regulating circuit 22 is disconnected from
the trigger circuit 302. Thererore, 1t 18
phase~controlled at the predetermined phase angle so
that the supplied voltage of the load side becomes low
to the Eout(small) 85/100Ein(V) to perform the
power-saving.

Then, the operation of the eighth ombodiment will
be described. From when  the motor 212 starts
rotating by closing the SW1l to when the motor arrives
at the predeterminea rotating speed Nb near that at
ordinary operating time with the Ein(v)’ the output
of the SW16 is "high", the output of the comparator 294
is "high", and the AND circuit 291 outputs "high" level.

Therefore, the "high" level which represents the
power-saving rate reduction period is outputted from the
OR circuit 296 through the photoisolator 297 to the phase
control switching circuit 222 irrespective of the
lighting or extinguishing of the fluorescent lamp 242

side, the R201 is shorted to perform a phase control at
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the ordinary phase angle to the voltage elevator 300.

Thus, the voltage of the Ein(V) dfopped in the
powér-saving rate is applied to the load side to
smoothly start the motor 212,
When rotating speed exéeeds the'No, the output of the
comparator 294 becomes "low", and the output of the AND
circuit 291 becomes "low". Therefore, when the
fluorescent lamp 242 side is during extinguishing or
during the powers-saving enabling period, thg output of
the OR circuit 296 becomes "low" which represents tﬁe
power-~saving enabling period, and the phase control
switching circuit 22 is disconnected from the R201.
Thus, the output of the voltage elevator 300 becomes the
Eout(small)=85/100Ein(V), and the motor 212 performs the
power-saving operation.

The case that the fluorescent lamp 242 is 1lit is

similar, the output of the R-S flip-flop 284 becomes

"high" from whon the EW12 ic olosed to whon the initial
starting operation is subs%antially finished, the OR
circuit outputs "high" level which represents the
power-saving rate reduction period to become the high
supply voltage of the Ein(v)’

When entering the ordinary lighting and the output
of the R-S flip-flop 284 becomes "low", if the motor 212

side is during stopping or during power-saving enabling

0217954 7
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period, the outéut of the.OR circuit 296 becomes "low",
and the voltége of the load side is reduced to the
Eout(small), and the fluorescent lamp 242 performs the
power-saving lighting.

According to the eighth embodiment, even when a

plurality of electric devices provided in parallel fail

to start at a low voltage, the power-saving rate is

 reduced during the starting. operation to apply the high

voltage. Therefore, the devices can be effectively
started, and the power-saving can be performed during

the ordinary operation. €301, R113 are snubber circuit,

~and L11, C401 are a noise cut filter.

Fig. 22 is a circuit diagram of the essential
portion of the ninth embodiment of this invention. This
ninth embodiment prevents, for example, flicker during
the ordinary lighting of the fluorescent lamb 242 in
Fig. 21 to set the éuasi—power—saving enabling period in
the phase conlrol state of the Eou£(small)-90/1002in(V).

The AND of the invention of the switch signal of
the SW15 and the starting operation finish detector 288
is taken by an AND circuit 205 to detect the ordinary
operating period.
| Then, R201 in the trigger circuit 300 is divided
into R2011, R2012, a phase control switching circuit 206

is connected to one R2012, and when the output of the OR

0217954 -
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circuit 296 is "low" during the ordinary operation of
the fluorescent lamp 242, the "high" output of the AND
circult 306 is fed as the quasi-power-saving enabling
period through a photoisolator 208 to a phase coﬁtrol
switching circuit 206 to short the R2012 by the
conduction of the SCR, thereby switching the phase angle
to the ihtermediate value between the minimum value and
the ordinary value as the quasi-power~saving state of
the 90/100Ein(V).

In the ninth embodiment, a shallow-power-saving
rate is obtained during the lighting of the fluorescent

lamp 242, but applied to the case that the lighting

period of the fluorescent lamp 242 is short.

Fig. 23 is a circuit diagram of a power-saving
control system for a vending machine according to the
tenth embodiment of this invention. This tenth
embodiment has an induction motor 212 for driving a
compressor 214 to the load side, a fan motor 264, a good
supplying mechanism (coin mechanism) 310, a
microcomputer 312 for controlling the sections of the
vending machine, and money dispenser 314 having a money
not identifier.

The microcomputer system 312 and the money
dispehser 314 receives power source from a common DC

voltage source converted to_a constant DC voltage at



10

15

20

25

L P ]

- 70 - : -0

the load side.

In Fig. 23, the switch signal of Sﬁls which
cooperates with the closure of the SW1l of the motor 212
is outputted to the AND circuit 316. A refrigerating
gas pressure detector 318 is provided at the exhaust
sidé of the compressor 214 of the refrigérating system,
and a comparator 320 for outputting "high" level to the
output side of the pressure detector 318 when the
detected pressure arrives at slightly lower pressure Po
thaﬁ the ordinary pressure at the operating time of the
rated Ein(V).

The output side of the comparator 320 is connected
to the AND circuit 318. .

A starting operation detector 322 for obtaining the
power-saving rate reduction period in the motor 212 is
composed of the SW16, the pressure detector 318, the
comparator 320 and the AND ciréuit 316.

The output side of the starting operation detector
322 is connected through anfOR circuit 296 and a
photoisolator 297 to a phase coﬁtrol switching circuit
22.

Since the "high" level is outputted from the OR

circuit 296 during the starting operation of the motor

212, the voltage of the Eout(large)=Ein(V) is applied to

the load side to prove the smooth starting of the motor

0217954
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212, The AND circuit 316 becomes "low" level
immediately before the motor 212 enters the 6rdinary
operation, the output of the OR circuit 296 becomes.
“low” under the condition that all other loads are not
power-saving rate reduction period, and the power-savlay
voltage of the Eout(small)=85/100Ein(V) is, for example,
applied as the power~saving enabling period during the
ordinary operation.

Goods supplying mechanism 310 has a small-sized
motor to push goods selection switch 324, and when the
selection signal is applied to the microcomputer system
312, the microcomputer system 312 closes the switch SwW17
such as a relay switch to energize the good supplying
mechanism 310 to externally supply the goods.

When the goods supply completion signal is fed from
the goods supply detector 326 to the microcomputer
system 312, the microcomputer system 326 opens the
switch Swl7.

When the installing environment of the vending

machino io wrong and not fully clarified, the
power~saving voltage of the Eout(small)=85/100Ein(V)
might become impossible to supply the goods due to
engagement of the goods in the midway caused by dusts
clogged in the good supplying mechanism 310,

In this embodiment, the microcomputer 312 controls

-

-
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to open or close.the switch SW17 to input the signal
outputted (opened at "high" level and cliosed at "low"
level) to the OR circuit 296, and to set the
power-saving rate reduction period while the good
supplying mechanism 310 is operated.

Thus, while the SW17 is closed, the high voltage of
the Ein(v) is applied, thereby eliminating the '
possiﬁility of the goods to be engaged in the midway
during the supplying of the goods.

The money note identifier of the money dispensor
314 is weak for high frequency noise generated when the
triac 216 is turned ON and OFF. Therefore, in the
embodiment, a money note identifier operéting period
detector. 329 for detecting the operating period of the
money note identified is provided in the money dispenserv
314, "high" level is inputted to the OR circuit 296
during the operation to set the power-saving rate
reduction period during the money note identifying.

When the triac 216 always becomes substantially ON, no
high frequency noise is Qenerated.

In this embodiment, a line voltage drop detector
330 for detecting the decrease of the ACEin(V) power
source by inputting the ACEin(V) is provided. The line
voltage drop dotootor 330 inputs the voltage preset from

the line voltage such as, for example, 94/100Ein(V)
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{where the Ein.is lower than the rated voltage of the
power source) the "high" level to the OR circuit 298
during the period, applies the full voltage of the
Ein(V) as the power-saving rate reduction period, avoids
the extreme voltage drop, eliminates the improper
operation of the load side device, or prevents the state
for increasing the power consumpfion.

When a heater for the chamber is mounted in
parallel with the load side of the type for performing
the phase control synchronously with the current phase,
a2 thermostat is operated as shown in Fig. 24 to close
SW18, and when the heater 322 is energized, the phase
that the current becomes zero is advanced. Therefore,
the voltage applied to the load side is raised, for
example, to 91/100 to deteriorate the power-saving rate.

In order to prevent this, R201 of the trigger
circuit 302 is composed of R202,, R202,, a phase control
switching circuit 340 is connected to phase control
switching circuits 222, R'2022 in the entirety of R201,
R2022, SW19 cooperating with the SW18 is provided,
and when the SW18 is opened, "high" level is outputted
and when closed, "low" level is outputted through the
photoisolator 334 to the phase control switching circuit
340, and when the heater 332 is energized, the phase

angle may be delayed in the amount of R2022 to obtain
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substantially thg same voltage Eout(small)=85/100Ein(V)
as the dropped voltage 85/100Ein(V) at nonenergizing
time. ‘

The noise countermeasure of the abovementioned
triac 210 is particularly effective in the case that the
heater load 332 is provided in parallel with the load
side. |

When the heater load is energized in the type for

performing the phase control in the synchronizing type,

the voltage applied to the load side decreases. As

required, the phase may be advanced during the heater
load energizing contrary to the above case.

In the embodiments described above, it is returned
to the Ein at the voltage rising time, or may be
returned, for example, to 90/100Ein, 95/100Ein (V). The
applied voltage may be stepwisely altered or
coﬁtinuously varied.

Fig. 25 is a circuit diagram showing the
construction of the load side when the rotation control
or power-saving control of the induction motor 402 for
driving a blower 400 in a power controller used, for
example, in Fig, 18. When R201 in Fig. 18 is set
variable, the rotating speed (blowing amount) or
power~saving rate is altered.

F%g. 26 is a circuit diagram showing the
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construction of the load side when the rotation control
or power-saving control of the induction motor 406 for
driving a pump 404 is performed by a power controller

used in Fig. 18. When R201 in Fig. 18 is set variable,

‘the rotating speed (flow rate) or power~saving rate is

altered.
INDUSTRIAL APPLICABILITY
Since the induction motor with a heavy mechanical

load which is heretofore difficult to perform a rotation

"control or a power-saving control can be performed, the

optimum control responsive to the state can be achieved
fof a blower, a compressor, a pump or other load. Since
the initial lighting operation of a discharge lamp
implement is proved, the labor of operating dimming or

power-saving can be omitted.

0217954
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CLAIMS

1, A power controller comprising:

power control means provided between a power source
and a plurality of load side electric devices provided
in parallél for controlling the power by a predetermined
fixed or varlable set value by drepping thks power source
voltage and supplying the drnpped woltage to a load
side, '

operation detecting means for- detecting the
presence or absence of one or more types of operations
of different types of one or more electric dgvices of
the plurality of electric devices, and

power control regulating means for stopping the
predetermined power control operation by the
predetermined set_value by the power control means to
raise the supplied voltage by the output of the
operation detecting means during the predetermined
operation of any of the predetermined one or more -
electric devices and releaélng the stop of the
predetermined power control by the predetermined set
value of the power control means when any of the
predetermined one or more electric devices is not
operated.
2. A power controller according to claim 1 wherein

said operation detecting means comprises means for
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detécting the presence or absence of starting operation.
3. A power controller according to claim 1 wherein
said oéeration detecting means compriées means for
detecting the presence or absence of improper operation.
4. A power controller according to any of claims 1 and
2 wherein said one or more load side electric devices
comprises one or more induction motors Wiﬁh mechanical
load, and the predetermined power control performed by

said power control means comprises a rotation control.

- A power controller according to any of claims 1, 2

and 3 wherein said one or more load side electric
devices comprises one or more induction motors with
mechapical load, and the predetermined power control
performed by said power control means comprises a
power-saving control.

6. A power controller according to any of claims 1 and
2 wherein saia one or more load side electric devices
comprise one or more discharge tube illumination
implements. )

7f ' A power controller according to claim 3
wherein said one or more load side electric devices
comprises one or more discharge tube illumination

implements, and said means for detecting the presence or

absence of the improper operation comprises means for

- detecting the presence or absence of flickers of one or

.......
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more discharge tube illumination implements of the one
or more discharge tube illumination implements during
the predetermined power control.

8. : A power controller according to claim 1 wherein
said power control means for controlling the
predetermined power comprises phase control means.

9. A power controller according to claim 8 wherein
said power control regulating means comprises shorting
means provided in parailel with said phase control
means.

10. A power controller according to claim 9 wherein

said power control regulating means comprises gate

control means provided in said phase control means,

11. A power controller according to claim 2 wherein
said means for detecting the presence or absence of seid
starting operation comprises means for detecting
starting initiation, and a timer for producing a signal
output during starting from the starting initiation
until a predetermined set time is elapsed.

12, A power controller according to claim 2 wherein
said means for detecting the presence or absence of said
starting operation comprises means for detecting a
starting initiation, and means for detecting a start
finish.

13. A power controller according to claim 1 wherein
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said means for detecting the presence or absence 6f said
starting operation comprises meﬁns for aetecting a start
finish, and means for detecting an opération stop.

14, A powexr controllar according to any of claims 12
and 13 wherein said means for detecting the start
initiation comprises means for detecting an electric
variation occurred in a circuit upon energization of a
power source.

15. A power controller according to any of claims 13
and 14 wherein said means. for detecting the start
initiation comprises means for detecting the closing
operation of a pbwer source energizing switch.

- 16, A éower controller according to any of claims 13
and 14 wherein said means for detecting the start finish
comprises means for detecting the reduction in the
starting current.

17, A power controller according to claim 14 wherein
salid means for detecting the operation stop comprises
meéns for detecting the electric variation occurred in a
circuit upon deenergizing of a power source.

18. A power controller according to claim 14 wherein
said means for detecting thé operation finish comprises
means for detecting the opening operation of a switch
upon energizing of a power source.

19. A power controller comprising:
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power control means provided between a power source
and a plurality of load side electric devices provided

in parallel for controlling the power by a prcdetermincd
fixed or variable set value by dropping the power source
voltage and supplying the dropped voltage to a load
side,

operation detecting means for detecting the
presence or absence of the operation of predetermined
one or more electric devices not to be power—-controlled
of said plurality of electric devices, and

power control regulating means for stopping the
predetermined power control operation by the
predetermined set value by the poﬁer control means

during the operation of any of predetermined one or more

0217954

electric devices not to be power-controlled to raise the

supplied voltage by the output of the operation
detecting means and releasing the stop of the
predetermined power control by the predetermined set
value of the power control means when any of the
predeterﬁined one or more electric devices not to be
power-controlled is not operated.

20. A power controller according to claim 9 wherein
said gate control means comprises, in addition to
trigger means for the predetermined power control, a

diode bridge for bridging a resistor and. the first
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capacitor connec£ed in parailel, includes trigger means
having the diodé bridge and second capacitor connected
in series and a switch for discharging the first
capacitor, and trigger means for operation compensation
opened at the switch after said predetermined power
control stop is released.

2l1. A power controller according to claim 8 wherein
sald means for detecting the presencé or absence_of the
flicker comprises means for detecting the occurrence of
the flicker, and a timer for producing a signél output
during the improper aparation from the occurrence of the
flicker until the predetermined set time is elapsed.

22. A power controller according to claim 21 wherein
sald means for detecting the generatlon of the flicker
comprises means for detecting electric variation
generated in a circuit by the occurrence of the flickef.
23. A power controller according to any of claims 13
and 14, wherein said one or more load side electric

devices comprise one or more induction motors with

- mechanical load, and said means for detecting the start

finish is means for detecting the rise of the rotating
épeed.

24. A power controller according to claim 21 wherein
said operation detecting means for detecting the

presence or absence of said operation comprises
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detecting means of operation occurrence, and a timer for
producing a signal output during operation from the
operation occurrence until a predetermined set time is
elapsed.

25. A power controller comprising:

. power control means provided befween a power source
and one or plurality of load side electric devices
provided'in parallel for controlliné the power by a
predetermined fixed or variable set value by dropping
the power source voltage and supplying the dropped
voltage to a load side,

operation detecting means for detecting the
presence or absence of'the predetermined operation of
predetermined one or more eleﬁtric devices not to be
power-controlled of said plurality of electric devices,
and

power control reéulating means for stopping the
predetermined power control operation by the N
predetermined set value by the power control means
during the predetermined operation of any of
predetermined one or more electric devices not to be
power-controlled to raise the supplied voltage by the

output of the operation detecting means and releasing

‘the stop of the predetermined power control by the:

predetermined set value of the power control means when

-ana
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any of the predetermined one or more electric devices
not to be power;controlled is not operated as
pfedetermined.
26. A power controller accor&ing to claim 25 wherein
éaid one or more electric devices not to be
power-controlled comprise an electronic circuit.
27.. A power controller according to claim 26 wherein
said electronic circuit comprises a digital circuit.
28, A péwer controllgr comprising:

power control means provided between a power source
and a plurality of load side electric devices provided
in parallel for controlling the power by a predetermined
fixed or variable set value by dropping the power source
voltage and supplying the dropped voltage to a load
side,

operation detecting means for detecting the
presence or absence of predetermined one or different
types of operations of predetermined plurality of
said plurality of electric aevices, and

power control regulating means for stopping the
predetermined power control operation with the
predetermined set value by said power control means
during the predetermined operation of any of said
pfedetermined one or more electric devices—to raise the

sﬁpply voltage and releasing the stop of the
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predetermined power control by the preset value of said
power control means when any of said predetermined one
or more electric devices is not during the predetermined
operation,

said power control regulating means altering the
rising value of said supply voltage at every
predetermined device of said predetermined plurality of
electric devices.
29. A power controller comprisipg:

power control means provided between a power.sourée
and a plurality of load side electric devices provided
in parallel for controlling the power by a predetermined
fixed or variable set value by dropping the power source
voltage and supplying the dropped voltage to a load
side,

operation detecting means for detecting the power
source voltage in the state including the electric
variation component caused by the predetermined one or
more operations of predetermined one or more load side
electric devices of the one or more load side electric
devices,

comparing means for comparing the power source
voltage detection signal with a predetermined reference
level,

a timer for outputting a timer signal from the

P
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input of the power source voltage detection signal until
pfedetermined set time is elapsed on the basis of a
signal outputted from the comparing means by the lower
value of the reference level of the power source voltage
detection signal, and

power control regulating means for stopping the
predetermined power control operation by the presét 
value by the power control means during the outputting
of the timer signal from the timer to raise the supply
voltage and releasing the stop of the predetermined

po&er control by the predetermined set value of said

power control means when the timer signal is not

outputted.

30. A power controller according to claim 29 wherein‘
said power source voltage detecting means comprises
unstable DC power source for said comparing means or
(and) said timer.

31. A power controller éccofding to claim 30 wherein
said power source voltagé détecting means comprises a
level converting amplifying element at the output side.
32. A power controller according to claim 30 wherein
said timer comprises a t;iggér circuit as said comparing
means. |

33. A power controller according to claim 31 wherein

the ground of said unstable DC power source is coupled -
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with a main circuit.

34. A power controller according to claim 30 wherein
said timer is composed to enable to vary a set time.

35. A method of controlling power for supplying a
voltage lower than a rated voltage to an induction motor
coupled with a compressor to perform a power-saving.

36. A method of controlling power according to claim 35
wherein said compressor is for a refrigerating machine.
37. A method of controlling power for supplying a

voltage lower than a rated voltage to an induction motor

‘coupled with a pump to perform a power-saving.
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